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[57] ABSTRACT 

A microbubble preparation formed of a plurality of 
microbubbles comprising a first gas and a second gas 
surrounded by a membrane such as a surfactant, wherein the 
first gas and the second gas are present in a molar ratio of 
from about 1:100 to about 1000: 1, and wherein the first gas 
has a vapor pressure of at least about (760-x) mm Hg at 37° 
C v where x is the vapor pressure of the second gas at 37° G, 
and wherein the vapor pressure of each of the first and 
second gases is greater than about 75 mm Hg at 37° C; also 
disclosed are methods for preparing microbubble 
compositions, including compositions that rapidly shrink 
from a first average diameter to a second average diameter 
less than about 75% of the first average diameter and are 
stabilized at the second average diameter, kits for preparing 
microbubbles; and methods for using such microbubbles as 
ultrasound contrast agents. 
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The foregoing description details certain preferred 
embodiments of the present invention and describes the best 
mode contemplated. It will be appreciated, however, that no 
matter how detailed the foregoing appears in text, the 
invention can be practiced in many ways and the invention 5 
should be construed in accordance with the appended 
Claims and any equivalents thereof. 

What is claimed is: 

1. A microbubble preparation, comprising: 

an aqueous medium containing a plurality of 1Q 
microbubbles, said microbubbles comprising: 
a generally spherical microbubble membrane; 
a first gas and a second component contained within 
said membrane, wherein said second component 
comprises the vapor of a compound that is aUquid at 
37° C. and 760 mm Hg but which has" a vapor* 15 
pressure of at least 75 mm Hg at 37° C, wherein the 
first gas and the second component are respectively 
present in a molar ratio of about 1:100 to about 
1000:1, with the proviso that said first gas and said 
second component are not water vapor. 20 

2. The preparation of claim 1, wherein said second 
component comprises a fluorocarbon and said first gas is a 
nonfluorocarbon. 

3. The preparation of claim 2, wherein said first gas 
comprises nitrogen, oxygen, carbon dioxide, or a mixture 25 
thereof. 

4. The preparation of claim 2, wherein: 

said microbubbles are in a liquid medium and have a first 
average diameter; 

the ratio of said first gas to said second component in said 30 
microbubbles is at least 1:1; and 

said microbubbles are adapted to shrink in said medium as 
a result of loss of said first gas through said membrane 
to a second average diameter of less than about 75% of 
said first diameter and then remain stabilized at or 35 
about said second diameter for at least about 1 minute 
as a result of a gas osmotic pressure differential across 
said membrane. 

5. The preparation of claim 4, wherein said liquid medium 
contains gas or gases dissolved therein with a gas tension of 40 
at least about 700 mm Hg, wherein said first diameter is at 
least about 5 um, and wherein the tension of the gas or gases 
dissolved in said medium is less than the pressure of the 
same gas or gases inside said microbubbles. 

6. The preparation of claim 4, wherein said first diameter 45 
is at least about 10 um and said second diameter is between 
about 1 um and 6 um. 

7. The preparation of claim 1, wherein said second 
component has an average molecular weight at least about 4 
times that of said first gas. so 

8. The preparation of claim 1, wherein said molar ratio of 
said first gas to said second component is from about 1:10 
to about 500:1. 

9. The preparation of claim 1, wherein said second 
component comprises a fluorocarbon and said first gas is a 55 
nonfluorocarbon. 

10. The preparation of claim 9, wherein said second 
component comprises at least two fluorocarbons. 

11. The preparation of claim 9, wherein said second 
component comprises a perfluorocarbon. 60 

12. The preparation of claim 1, wherein both said first gas 
and said second component comprise fluorocarbons. 

13. The preparation of claim 1, Wherein said second 
component has a water solubility of not more than about 0.5 
mM at 25° C and one atmosphere, and wherein said first gas 65 
has a water solubility at least about 10 times greater than that 

of said second component 
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14. The preparation of claim 1, wherein the permeability 
of the membrane to said first gas is at least about 5 times 
greater than the permeability of said membrane to said 
second component 

15. The preparation of claim 1, further comprising: 

a liquid in said container in admixture with said 
microbubbles, wherein said container further com- 
prises means for transmission of sufficient ultrasonic 
energy to said liquid to permit formation of said 
microbubbles by sonication. 

16. The preparation of claim 15, wherein said means for 
transmission comprises a flexible polymer material having a 
thickness less than about 0.5 mm. 

17. The preparation of claim 1, wherein said membrane is 
a surfactant 

18. The preparation of claim 17, wherein said surfactant 
comprises a non-Newtonian viscoelastic surfactant 

19. The preparation of claim 17, wherein said surfactant 
is a carbohydrate. 

20. The preparation of claim 19, wherein said carbohy- 
drate is a polysaccharide. 

21. The preparation of claim 17, wherein said surfactant 
is a fatty acid ester of a sugar. 

22. The preparation of claim 17, wherein said surfactant 
is sucrose stearate. 

23. The preparation of claim 17, wherein said surfactant 
is a phospholipid. 

24. The preparation of claim 1, wherein said membrane is 
solid or semi-solid. 

25. The preparation of claim 1, wherein said membrane is 
a proteinaceous material 

26. The preparation of claim 25, wherein said proteina- 
ceous material is albumin. 

27. The preparation of claim 2, wherein: 

said microbubbles have a first average diameter, 

the ratio of said first gas to said second component in said 

microbubbles is at least 1:1; and 
said microbubbles are adapted to shrink in blood in vivo 
as a result of loss of said first gas through said mem- 
brane to a second average diameter of less than about 
15% of said first diameter and then remain stabilized at 
or about said second diameter for at least about 1 
minute as a result of a gas osmotic pressure differential 
across said membrane. 

28. The preparation of claim 27, wherein said first diam- 
eter is at least about 5 um, and wherein the tension of the gas 
or gases dissolved in said blood is less than the pressure of 
the same gas or gases inside said microbubbles. 

29. The preparation of claim 27, wherein said first diam- 
eter is at least about 10 um and said second diameter is 
between about 1 um and 6 um. 

30. The preparation of claim 27, wherein said second 
component has an average molecular weight at least about 4 
times that of said first gas. 

31. The preparation of claim 27, wherein said molar ratio 
of said first gas to said second component is from about 1:10 
to about 500:1. 

32. The preparation of claim 27, wherein said second 
component comprises a fluorocarbon and said first gas is a 
nonfluorocarbon. 

33. The preparation of claim 32, wherein said second 
component comprises at least two fluorocarbons. 

34. The preparation of claim 32, wherein said second 
component comprises a perfluorocarbon. 

35. The preparation of claim 27 wherein both said first gas 
and said second component comprise fluorocarbons. 
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36. The preparation of claim 1, wherein said 
microbubbles contain as said first gas, or as said second 
component, or respectively as said first gas and said second 
component, gaseous perfluorobutane and perfluorohexane in 
a ratio from about 1:10 to about 10:1. 

37. The preparation of claim 1, wherein said 
microbubbles contain as said first gas, or as said second 
component, or respectively as said first gas and said second 
component, gaseous perfluorobutane and perfluoropentane 
in a ratio from about 1:10 to about 10:1. 

38. The preparation of claim 4, wherein said medium is 
aqueous. 

39. A kit for use in preparing microbubbles, comprising: 
a sealed container, 

a liquid in said container; 

a surfactant in said container; and 

a fiuorocarbon gas in said container, wherein said liquid, 
said surfactant, and said fiuorocarbon gas are together 
adapted to form microbubbles upon the application of 
energy to the sealed container. 

40. The kit of claim 39, further comprising 

means in said container for permitting transmission of 
sufficient external ultrasonic energy to said liquid to 
form microbubbles in said container. 

41. The kit of claim 40, wherein said means for trans- 
mission comprises a flexible polymer membrane having a 
thickness less than about 0.5 mm. 

42. The kit of claim 39, further comprising: 

a nonfluorocarbon gas in said container, wherein the 
molar ratio of said nonfluorocarbon gas to said fiuoro- 
carbon gas is from about 1:10 to about 1000:1, with the 
proviso that said nonfluorocarbon gas is not water 
vapor. 
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43. A kit for use in preparing microbubbles, comprising: 
a container; 

dried liquid-soluble void-containing structures in said 
container, said void-containing structures defining 
voids having an average diameter less than about 100 
um; 

a liquid suitable for in vivo injection in which said 
void-containing structures are substantially soluble; 

a gas in said voids, wherein said gas is the vapor of a 
non-aqueous material that is a liquid at 37° G; and 

a surfactant, wherein said void-containing structures, said 
gas, and said surfactant are together adapted to form 
microbubbles upon addition to said container of said 
liquid. 

44. Hie kit of claim 43, wherein said void-containing 
structures comprise at least in part said surfactant 

45. The kit of claim 43, wherein said surfactant is a 
non-Newtonian viscoelastic surfactant 

46. The kit of claim 43, wherein said surfactant is a fatty 
acid ester of a sugar. 

47. The kit of claim 43, wherein said surfactant is a 
phospholipid. 

48. The kit of claim 43, wherein said void-containing 
structures are proteinaceous. 

49. The kit of claim 43, wherein said void-containing 
structures are formed of a carbohydrate. 

50. The kit of claim 43, wherein said gas is a fluorocaibon. 

51. The kit of claim 43, wherein said gas comprises 
perfluorohexane. 

52. The kit of claim 43, wherein said void-containing 
structures comprise spray dried microspheres. 
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[57] ABSTRACT 

A microbubble preparation formed of a plurality of 
microbubbles comprising a first gas and a second gas 
surrounded by a membrane such as a surfactant, wherein the 
first gas and the second gas are present in a molar ratio of 
from about 1:100 to about 1000: 1, and wherein the first gas 
has a vapor pressure of at least about (760-x) mm Hg at 37° 
C M where x is the vapor pressure of the second gas at 37° G, 
and wherein the vapor pressure of each of the first and 
second gases is greater than about 75 mm Hg at 37° G; also 
disclosed are methods for preparing micTobubble 
compositions, including compositions that rapidly shrink 
from a first average diameter to a second average diameter 
less than about 75% of the first average diameter and are 
stabilized at the second average diameter, kits for preparing 
microbubbles; and methods for using such microbubbles as 
ultrasound contrast agents. 
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The foregoing description details certain preferred 14. The preparation of claim 1, wherein the permeability 

embodiments of the present invention and describes the best of the membrane to said first gas is at least about 5 times 

mode contemplated. It will be appreciated, however, that no greater than the permeability of said membrane to said 

matter how detailed the foregoing appears in text, the second component 

invention can be practiced in many ways and the invention 5 15. The preparation of claim 1, further comprising: 

should be construed in accordance with the appended a liquid in said container in admixture with said 

Claims and any equivalents thereof. microbubbles. wherein said container further com- 

What is claimed is: p riscs mcans f or transmission of sufficient ultrasonic 

1. A microbubble preparation, comprising: energy to said j£ qnid to permit formation of said 
an aqueous medium containing a plurality of 10 microbubbles by sonication. 

microbubbles, said microbubbles comprising: 16 ^ p repara( i on of 15, wherein said means for 

a generally spherical microbubble membrane; transmission comprises a flexible polymer material having a 

a first gas and a second component contained within ^ Q J 

said membrane, wherein said second componen 17 . The preparation of claim 1, wherem said membrane is 

comprises the vapor of a compound that is a liquid at Sr "T* 

37° C and 760 mm Hg but which has a vapor* 15 a s ™ a ™ 1L - A ^ ^ . 

pressure of at least 75 mir! Hg at 37° C, wherein the 18 « ™ e preparation of claim 17 wherein said surfactant 

first gas and the second component are respectively comprises a non-Newtonian viscoelastic surfactant 

present in a molar ratio of about 1:100 to about » The preparation of claim 17, wherein said surfactant 

1000:1. with the proviso that said first gas and said is a carbohydrate. 

second component are not water vapor. 20 20. The preparation of claim 19, wherein said carbohy- 

2. The preparation of claim 1, wherein said second drate is a polysaccharide. 

component comprises a fluorocarbon and said first gas is a 21. The preparation of claim 17, wherein said surfactant 

nonfluorocarbon. is a fatty acid ester of a sugar. 

3. The preparation of claim 2, wherein said first gas 22. The preparation of claim 17, wherein said surfactant 
comprises nitrogen, oxygen, carbon dioxide, or a mixture 25 is sucrose stearate. 

thereof. 23. The preparation of claim 17, wherein said surfactant 

4. The preparation of claim 2, wherein: j s a phospholipid. 

said microbubbles are in a liquid medium and have a first 24. The preparation of claim 1, wherein said membrane is 

average diameter; solid or semi-solid. 

the ratio of said first gas to said second component in said 30 25. The preparation of claim 1 , wherein said membrane is 

microbubbles is at least 1:1; and a proteinaceous material. 

said microbubbles are adapted to shrink in said medium as 26. The preparation of claim 25, wherein said proteina- 

a result of loss of said first gas through said membrane ceous material is albumin, 

to a second average diameter of less than about 75% of 27. The preparation of claim 2, wherein: 

said first diameter and then remain stabilized at or 35 said microbubbles have a first average diameter, 

about said second diameter for at least about 1 minute the ratio of said first gas to said second component in said 

as a result of a gas osmotic pressure differential across microbubbles is at least 1:1; and 

said membrane. sa id microbubbles are adapted to shrink in blood in vivo 

5. The preparation of claim 4, wherein said liquid medium as a result of loss of said ^ gas through said mem- 
contains gas or gases dissolved therein with a gas tension of 40 ^ tQ a second a of less man about 
at least about 700 mm Hg, wherein said first diameter is at 

least about 5 urn, and wherein the tension of the gas or gases ,J m a<uu ^ ai ™™« ^ , , + 

dissolved in said medium is less than the pressure of the or said second ***** for * least 1 

same gas or gases inside said microbubbles. ****** a rcsult of a osmotic pressure differential 

6. The preparation of claim 4, wherein said first diameter 45 across said membrane. 

is at least about 10 urn and said second diameter is between 28. The preparation of claim 27, wherein said first diam- 

about 1 urn and 6 um. eter is at least about 5 um, and wherein the tension of the gas 

7. The preparation of claim 1, wherein said second or gases dissolved in said blood is less than the pressure of 
component has an average molecular weight at least about 4 the same gas or gases inside said microbubbles. 

times that of said first gas. 50 29. The preparation of claim 27, wherein said first diam- 

8. The preparation of claim 1, wherein said molar ratio of eter is at least about 10 um and said second diameter is 
said first gas to said second component is from about 1:10 between about 1 um and 6 um, 

to about 500:1. 30. The preparation of claim 27, wherein said second 

9. The preparation of claim 1, wherein said second component has an average molecular weight at least about 4 
component comprises a fluorocarbon and said first gas is a 55 times that of said first gas. 

nonfluorocarbon. 31. The preparation of claim 27, wherein said molar ratio 

10. The preparation of claim 9, wherein said second of said first gas to said second component is from about 1:10 
component comprises at least two fluorocarbons. to about 500:1. 

11. The preparation of claim 9, wherein said second 32. The preparation of claim 27, wherein said second 
component comprises a perfluorocarbon. 60 component comprises a fluorocarbon and said first gas is a 

12. The preparation of claim 1, wherein both said first gas nonfluorocarbon. 

and said second component comprise fluorocarbons. 33. The preparation of claim 32, wherein said second 

13. The preparation of claim 1, Wherein said second component comprises at least two fluorocarbons. 
component has a water solubility of not more than about 0.5 34. The preparation of claim 32, wherein said second 
raM at 25° C and one atmosphere, and wherein said first gas 65 component comprises a perfluorocarbon. 

has a water solubility at least about 10 times greater than that 35. The preparation of claim 27 wherein both said first gas 

of said second component. and said second component comprise fluorocarbons. 
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36. The preparation of claim 1, wherein said 
microbubbles contain as said first gas, oar as said second 
component, or respectively as said first gas and said second 
component, gaseous perfluorobutane and perfluorohexane in 
a ratio from about 1:10 to about 10:1. 

37. The preparation of claim 1, wherein said 
microbubbles contain as said first gas, or as said second 
component, or respectively as said first gas and said second 
component, gaseous perfluorobutane and perfluoropentane 
in a ratio from about 1:10 to about 10:1. 

38. The preparation of claim 4, wherein said medium is 
aqueous. 

39. A kit for use in preparing microbubbles, comprising: 
a sealed container, 

a liquid in said container; 

a surfactant in said container; and 

a fluorocarbon gas in said container, wherein said liquid, 
said surfactant, and said fluorocarbon gas are together 
adapted to form microbubbles upon the application of 
energy to the sealed container. 

40. The kit of claim 39, further comprising 

means in said container for permitting transmission of 
sufficient external ultrasonic energy to said liquid to 
form microbubbles in said container. 

41. The kit of claim 40, wherein said means for trans- 
mission comprises a flexible polymer membrane having a 
thickness less than about 0.5 mm 

42. The kit of claim 39, further comprising: 

a nonfluorocarbon gas in said container, wherein the 
molar ratio of said nonfluorocarbon gas to said fluoro- 
carbon gas is from about 1:10 to about 1000:1, with the 
proviso that said nonfluorocarbon gas is not water 
vapor. 
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43. A kit for use in preparing microbubbles, comprising: 
a container, 

dried liquid-soluble void-containing structures in said 
container, said void-containing structures defining 
voids having an average diameter less than about 100 
urn; 

a liquid suitable for in vivo injection in which said 
void-containing structures are substantially soluble; 

a gas in said voids, wherein said gas is the vapor of a 
non-aqueous material mat is a liquid at 37° C; and 

a surfactant, wherein said void-containing structures, said 
gas, and said surfactant are together adapted to form 
microbubbles upon addition to said container of said 
liquid. 

44. The kit of claim 43, wherein said void-containing 
structures comprise at least in part said surfactant 

45. The kit of claim 43, wherein said surfactant is a 
non-Newtonian viscoelastic surfactant 

46. The kit of claim 43, wherein said surfactant is a fatty 
acid ester of a sugar. 

47. The kit of claim 43, wherein said surfactant is a 
phospholipid. 

48. The kit of claim 43, wherein said void-containing 
structures are proteinaceous. 

49. The kit of claim 43, wherein said void-containing 
structures are formed of a carbohydrate. 

50. The kit of claim 43, wherein said gas is a fluorocarbon. 

51. The kit of claim 43, wherein said gas comprises 
perfluorohexane. 

52. The kit of claim 43, wherein said void-containing 
structures comprise spray dried microspheres. 
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The foregoing description details certain preferred 
embodimEiils of the present invention and describes the best 
mode contemplated. It will be appreciated, however, that do 
matter how detailed the foregoing appears in text, the 
invention can be practiced in many ways and the invention 
should be construed in accordance with the appended 
Claims and any equivalents thereof. 

What is di fared is: 

1. A micro-bubble preparation, comprising: 
an aqueous medium containing a plurality of 
microbubblw, said microbubbles comprising: 
a generally spherical microbuhble membrane; 
a first gas and a second component contained within 
said membrane, wherein said second component 
ccmpriscs the vapor of a compound that Is a liquid it 
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C and 760 mm fig but which has a vapor' 15 a s ^J? Dt 



14. The pTcparsrlon of daim 1, herein the penneabOity 
of me membrane to said first gas is at least snout 5 times 
greater man the permeability of said ittfanhrape to said 
second fltrfflpo n c nt. 
5 15. The ]»» i |uniti <m of daim 1, further comprising: 
a liquid in said container In admixture with said 
microbubbles, wherein said container further com- 
prises me*™ for transmission of sufficient "i*™™^ 
energy titf li^ul^ pcrosit- ^n^ ^^ ^ti op of uld 
10 microbubbles by sorlcation. 

Id. The preparation of claim 15, wherein said means far 

t^ir.zrr.- zz-f\n rym\pris»g a flsxihlapalymg material havlnft A 

thickness less than about OS mm 

17. The preparation of claim 1, wherein said membrane is 



pressure of at least 75 mm Hg at 37° C, wherein the 
first gas and the second component are respectively 
present in a molar ratio of about 1:100 to about 
1000:1, with the proviso that said first gas and said 
second component are not water vapor 

2. The ui rpa r iti o n of daim 1, wherein said second 
component comprises a fluorocarbon and said first gas is a 
ttonfiuGrocarbon. 

3. The preparation of claim 2> wherein said first gas 



comprises nitrogen, oxygen, carbon dioxide, or a mixture 25 is sucrose stearate. 



1& The preparation of claim 17, wherein said surfactant 
comprises a non-Newtonian viscoelasdc surfactant. 

19. The preparat ion of claim 17, wherein said surfactant 
is a carbohydrate. 

20. The preparation of daim 19, wherein said carbohy- 
drate is 1 polysaccharide, 

21* The preparation of claim 17, wherein said surfactant 
is a tatty add cater of a sugar* 
21 The preparation of daim 17, wherein said surfactant 



thereof. 

4. The preparation of claim 2, wherein: 

said rnicrobubble s are in a liquid medium and have a first 
average diameter, 

the ratio of said first gas to said second component in said 30 
microbubblej is at least 1:1; and 

aa j darfew lwihMfli hp adapted to shrink fa said medium as 
a result of loss of said first gas through said rnemfarane 
to a second average diameter of less man about 75% of 
said first <w » m»h»T and then remain stabilized at or 83 
about said second diameter for at least about 1 minute 
as a result of a gas osmotic pressure differential across 
saM membrane. 

3, The pre parat ion of daim d, wherein said li q aM medium 



23. The preparation of daim 17, wherein said surfactant 
is a phospholipid 

24 The preparation of daim 1, wherem said membrane is 
solid or scani'SonVL 

2Sl The preparation of claim 1, wherein said rncmhrene is 
a protdnaceous material 

26. The preparation of claim 25, wherein said proteina- 
ceous material is albumin. 

27. Hie preparation of daim 2, wherein: 

said microbubbles have a first average diameter; 

the ratio of said first gas to said s ec o nd component In said 

microbubbles is at least 1:1; and 
said rcicrobubbles axe adapted to shrink in blood in vrvo 
. „,, . a fl_ a_flftd1t_ of_1 fti a. oif_wrfd^ . fl rflT_ow n _ fhr vMi oh „fiM t/f _.T ne m«i _ 
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the intexchzmber seal into the powder-cmrtaining chambec. 
The plunger motion was stopped when all the water wsj In 
the powder dumber; The syringe was agitated to dissolve 
the powdat Excess gas and any large bubble* were expelled 
by holding the syringe, needle end up. aiul further depress- 
ing the plunger. The solution containing numerous * t n M U 7frt 
mkrobubhles (as observed by light microscopy) was then 
expelled from the syringe by depressing the plunger to its 
limit 

The foregoing description details certain preferred 
embodiments of the present invention and describes the best 
mode contemplated It will be appreciated, however, mat no 
matter bow detailed the foregoing appears in text, the 
invention can be practiced in many ways and the Invention 
should be construed in accordance wttfa the ap p e nded claims 
and any equivalents thereof. 

What is claimed is: 

L A method for imaging in object or body pot or body 
cavity, comprising the steps oft 

introducing into said object or body pari or body cavity a 
mtcrobubblo preparation comprising o first gas. a sec- 
ond gas. * mrmhrann forming rrmterinl, and a liquid, 
wherein seid first gss and said second gas are present in 
a molar ratio of about 1:100 to about 1X00:1. and 
wherein said first gas has a vapor pressure of at least 
about (760^0 mm Hg at 37° C, where x is the vapor 
pressure of the second gas at 37° C» and wherein said 
vapor pressure of each of said first and second gases is 
greater than about 73 mm Hg at 37° G. and the boiling 
point of at least one said second gas at atmospheric 
pleasure is greater than about 37° G, with the proviso 
that said first gas and said second gas are not water 
vapor, wherein said first and second gases are un- 
rounded with said m e m b ra ne forming materiel; and 

imaging at least a portion of said object or body by 
ultrasound or magnetic resonance. 

2. The method of claim 1, whereia said object or body is 
a verte brate and said preparation is introduced into die 
vasculature or body cavity of said vertebrate. 

3. The method of claim 1. wherein said membrane fbrm- 
ing material is a surf a c ta nt 

4. The method of claim 3. wherein said surfactant is a 
pnospnoupia. 



40 



gftmMnJnfl gajd composition with a liquid in which said 
microspheres are soluble and said microspheres are 
dissolved in said liquid whereby the gases in said 
microspheres farm miixobubbtet that are surrounded 
by said surfactant. 

7. The method of claim 2, further comprising the step of 
p reparing said microbubble preparation outside of said ver- 
tebrate prior to said introducing step. 

8. The method of claim 7, further c ompri sing the step of. 
initially forming microbubbles having a first average 

diameter wherein the initial ratio of said first gas to said 
second gas In said microbubbles is at least about VX 
wherein said microbubbles are adapted to shrink In 
blood In vivo as a result of loss of said first gas through 
said wwmhranft to a second average diameter of less 
than about 75% of said first diameter and men remain 
stabgizsd at or about said second diameter for st least 
about 1 minute* 

9. The method of Hirfm 8, wherein said first diameter is at 
least about 5 pm, and wherein the tension of the gas a gases 
dissolved in said blood is less than the pressure of the same 
gas or gases inside said microbubble. 

10. The TT^It y^ of 8* wherein first diaineter is 
at least about 10 urn and said second diameter is between 
about 1 umand6um» 

IX The method of claim 8, wherein said second gas has 
an average molecular weight at least about 4 times flat of 
said first gas. 

12. The method of daim 8. wherein said second gas has 
a vapor pressure less man about 750 mm Hg at 37° C 

13. The method of daim 8, wherem said molar ratio of 
said first gss to said second gas is mom about 1:10 to about 
500:1. 

14. Tho method of dmm 8, wherem said se c on d gas 
comprises a finoiocarbon and. said first gas is a i 
carbon. 

15. The method of daim 8s wherein said i 
comprises at least two fiuarocar bona. 

Id. The method of daim B, wherein said second gas 

17. The method of daim 8, wherein bom said first gas and 
said second gas comprise finarocarbons. 

la The method of claim 8, wherein said second gas is 
parfiuoroheienc. 
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microbubble* (as observed by tight microscopy) wu then 
expelled from the syringe by depressing the plunger to its 
limit. 

The foregoing deicripyon dentils certain preferred 
embodiments of the preseiu invention and describes the best 
mode contemplated. It wiO be appreciated, however, thai no 
matter bow detailed the foregoing appears in text, the 
invention can be practiced in many ways end the invention 
should be construed in accordance with the appended claims 
and any equivalents thereof. 

What is claimed is: 

I. A method for forming microbubbles, comprising the 
steps of: 

providing a first gas, a second component, a membrane 
forming material, and a liquid, wherein said first gas 
and said second component are present in a molar ratio 
of about !:100 to about 1,000:!, and wherein said 
second component comprises vapor of a compound mat 
is liquid at 37* C and 760 mm Hg but which has a 
vapor pressure of at least 75 mm Hg at 37* C with the 
proviso that said first gas and said second component 
arc not water vapor, and 

surrounding said Aril gas end said second component with 
said membrane forming material to form microbubbles 
in said liquid 

2, The method of claim 1, wherein said membrane form- 
ing material is a surfactant. 

3. The method of claim 2, wherein said membrane form- 
ing material comprises a non-Newtonian surfactant. 

4, The method of claim 1, further comprising the «u?ps of: ^ 
initially forming microbubales having a first average 

diameter wherein the Initial ratio of said first gas to said 
second component in said microbubbles is at least 
about 1:1; 

contacting Bald microbubbles having a Urn average clam- «5 
eter with a liquid medium; 

shrinking said microbubbles in said medium as a result of 
loss of said first gas through said membrane; and then 

stabilizing said mJcrobubblea at a second average diam- 
eter of leas than about 75% of said first diameter for a 
period of at least one minute. 

5. The method of claim 4, wherein said microbubbles are 
stabilized at said second diameter by: 
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& The method of claim 7, wherein said voi&cn otajni ng 
structure* are microspheres. 

9. The method of Claim 7. wherein said microbubbles 
contain a first gas and a second halogcnmed gas respectively 
present In a molar ratio of from aboui 1:100 to about 1000:1. 

10. A method for imaging an object or body pan or body 
cavity, comprising the steps of: 

introducing into said object or body or body pan or body 
cavity a microbubble preparation according to claim 1; 
and then 

imaging at least a portion of said body by ultrasound or 
magnetic resonance. 

11. The method of claim 10, wherein said body is a 
vertebrate and said preparation is mtroduced into the vas- 
culature or body cavity of said vertebrate. 

12. The method of claim 10, wherein said preparation is 
a preparation as defined in claim 1 

O. The method of claim 10, wherein said preparation is 
a preparation as defined in claim 7. 

14. The method of claim 10. wherein said preparation is 
a preparation as defined in claim & 

15. The method of claim 10, further comprising the step 
of preparing said microbubble preparation prior to said 
introduction according to the method of claim 1. 

16. The method of claim 10, further comprising the step 
of preparing said microbubble preparation prior to said 
introduction according to the method of claim 4. 

17. The method of dadm 10, further comprising the step 
of preparing said rmcrohubbk preparation prior to said 
introduction according to the method of claim 5. 

18. The method of claim 10, further comprising the step 
of preparing said microbubble preparation prior to said 
introduction according to the method of claim 7. 

19. A method for producing rmcrobubbles having 
increased in-vial stability, comprising the steps of: 

spray drying a liquid formulation containing a biocom- 
patible ft] forming material to form a rracrospaere 
powder thcrerrom; 

combining the microspheres with a gas Osmotic agent and 
storing the microspheres In a container with the gas 
osmotic agent; and then 

mixing an aqueous phase with the powder, wherein said 
powder substantially dissolves in the aqueous phase to 
form ffijcrobobbles. 
,_JjO t jrto_inet hfld.Qf_rtai^^ 



